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Developments and Applications of free energy calculations with quantum chemical
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Hydrogen and hydroxide ions are often involved in reactions in solution
systems. However, it has been difficult to perform long-time molecular simulations of systems
containing these ions. This means that it is difficult to quantitatively calculate physical
quantities such as free energy.

In this study, we first proposed an index to identify the proton positions to enable the
simulation of hydrogen ions, and then proposed a computational framework that allows the definition
of solute and solvent to be switched accordingly during the simulation. This enables us to perform
stable molecular dynamics simulations of hydrogen ions over long periods of time and to calculate
various physico-chemical quantities such as free energies and diffusion coefficients.
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